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ABSTRACT 
 
EVALUATION OF THE TROPHIC ECOLOGY OF A FRESHWATER SPONGE AND 
TWO SPONGE PREDATORS VIA STABLE ISOTOPE ANALYSES 
By 
James Skelton 
 Freshwater sponges are often an abundant and prolific member of benthic 
communities.  They are capable of filtering a wide range of particulate food resources 
including bacteria, phytoplankton, and colloidal organic matter.  In many individuals 
growth is enhanced by the photosynthetic products of endocellular algal symbionts.  
While it is known that freshwater sponges are capable of utilizing many resources, little 
work has been done to identify their primary energy source and relative trophic position 
within a benthic community.  This task is made difficult by the cryptic nature of sponge 
trophic processes and their apparent intolerance for lab settings.  In this study, carbon and 
nitrogen stable isotope analyses are used to infer the primary energy source and relative 
trophic position of the cosmopolitan freshwater sponge Spongilla lacustris at two sites.  
Data from sponges and sponge predators are compared to other species for which food 
source is well known.  In addition, data from sponges with and without symbiotic algae 
are compared.  At one lotic site, carbon data imply that S. lacustris is energetically linked 
to primary production that occurs in the pelagic zone of its source lake.  The presence of 
algal symbionts was found to have a significant effect on the carbon and nitrogen 
signatures of S. lacustris and possible mechanisms for these effects are discussed.   I also 
present evidence that symbiotic algae are important dietary constituents for two sponge 
predators. 
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Introduction 
Spongilla lacustris, life history and ecology 
Of the approximately 5000 extant species of sponges (Porifera), fewer than 300 
inhabit freshwater.  All freshwater sponges are members of the class Demospongiae and 
form a monophyletic clade (Addis and Peterson 2005), suggesting a single freshwater 
invasion.  North America hosts 27 clearly defined freshwater species dispersed among 11 
genera with distributions that vary from endemic to global (Frost et al. 2001). 
Spongilla lacustris is by far the most common freshwater sponge species. It is 
distributed throughout the Northern Hemisphere and, according to Jewel (1935 and 
1939), has the widest tolerance ranges to chemical and environmental factors including 
pH, concentration of various minerals, water clarity, and benthic substrate.  The seasonal 
growth pattern of S. lacustris is typical of temperate freshwater sponges.  During autumn 
in temperate climates, sponge colony biomass is reduced to many small resting bodies 
called gemmules and the winter is spent in diapause.  While in diapause the sponge is 
resistant to freezing (Fell and Fell 1987, Boutselis et al. 1990), desiccation and anoxia 
(Reiswig and Miller 1998), and metabolism is minimal (Loomis et al. 1996).  Gemmules 
hatch the following spring and colony growth resumes.  In warmer climates growth may 
occur throughout the year (Bisbee 1992).   
Reproduction is achieved by both sexual and asexual means.  Asexual 
reproduction occurs as simple fragmentation of an established sponge or as a result of the 
formation of gemmules.  Spongilla lacustris is generally dioecious, but at least one 
hermaphroditic individual has been described (Bisbee 1992).  Additionally, an 
individual’s sex may vary from year to year and is influenced by environmental factors 
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(Gilbert and Simpson 1976).  Sexual development is highly synchronized and 
gametogenesis occurs only during a brief period.  At this time, sperm are released to the 
water column by male individuals and received through the feeding structures of females.  
All freshwater sponges are viviparous and the larvae undergo extensive development 
before they are released from the female sponge body.  Detailed life histories and 
developmental biology for several species of freshwater sponges are given in Bisbee 
(1992), Simpson and Gilbert (1973), and Frost et al. (2001).   
Freshwater sponges are primarily filter feeders that consume a broad array of 
particles including bacteria, fungi, phytoplankton, and colloidal organic matter.  In 
general, all freshwater sponges are able to effectively filter a wide variety of particle sizes 
from <2 -278 µm (Frost et al. 2001). They display species-specific efficiency in 
utilization of various particle types (Francis and Poirrier 1986) and Frost (1981) 
speculated that individual cells within a sponge are differentially specialized for the 
digestion of various particle types.   
Freshwater sponges are able to efficiently filter tremendous volumes of water.  
Savarese et al. (1997) estimated that a Lake Baikal endemic freshwater sponge, 
Baikalospongia bacillifera, processes its own volume in water every 17-24 s and Pile et 
al. (1997) quantified retention efficiencies ranging from 58-99% for four types of 
ingested picoplankton (<2µm).  As a result, areas that have large sponge populations may 
become depleted of suspended particulate matter, especially in still waters, as was 
observed by Pile et al. (1997).   
 The growth of S. lacustris is often enhanced by the photosynthetic products of 
zoochlorellae (Chlorococcales: Chlorellacea) that are housed within the cells of many 
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sponges.  Symbiotic sponge and algae appear bright green, while aposymbiotic sponges 
are off-white (referred to from here on as green and white sponges respectively).  Primary 
production of zoochlorellae can account for as much as 50-80% of the total production of 
S. lacustris.  However, the presence of zoochlorellae has no obvious effect on 
heterotrophic activity of the sponge (Frost and Williamson 1980).   
The often large contribution of primary productivity to the energy base of 
freshwater sponges is made possible by high density of algal cells.  Of all the carbon 
present in green S. lacustris, 16.7-25.1% may be contained in the algal cells (Sand-Jensen 
and Pedersen 1994).  Ultrastructure examination has indicated that zoochlorellae 
reproduce within the cells of adult green Spongilla lacustris, but not in the gemmules.  
Digestion of zoochlorellae within sponge cells has also been observed (Williamson 
1979), which suggests that sponges can control the size of their algal symbiont 
populations and thereby maximize their net energy yield by governing algal abundance to 
match seasonal and spatial variation in insolation and nutrients.  
 While Spongilla lacustris experiences obvious benefits from their symbiosis with 
zoochlorellae, benefits for the algae are less palpable.  The photosynthetic capacity of 
endosymbiotic algae is greatly reduced by the high light attenuation of sponge tissue and 
possibly by impeded access to oxygen (Sand-Jenses and Pedersen 1994).  In addition, 
some portion of photosynthate produced by zoochlorellae is lost to the sponge.  
Wilkinson (1980) quantified this contribution as 9-17% of total photosynthate produced 
in Ephydatia fluviatilis (a Spongillidae genus closely related to Spongilla).  One possible 
advantage for intracellular algae is nutrient sharing and recycling.  This is well known in 
other heterotroph/autotroph symbioses such as corals and documented in at least one 
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sponge (Davy et al. 2002).  In the obligate association between the marine sponge 
Haliclona cymiformis and the intercellular rhodophyte Ceratodictyon spongiosum, the 
alga’s nitrogen requirements are entirely satiated by metabolic wastes of the sponge, 
while the sponge acquires nitrogen from external sources (Davy et al. 2002).  A similar 
association seems likely for phototrophic freshwater sponges and their algal symbionts.   
Frost (1978) observed S. lacustris density as high as 652 g wet mass/m2 in a small 
pond in New Hampshire and estimated that10 mg dry mass of wintering sponge tissue 
can grow to 18 g dry mass, an 1800 fold increase during a single summer (Frost 1982).  
The estimated chlorophyll content of all S. lacustris within this pond approximated that 
of the entire phytoplankton community suggesting that S. lacustris can fulfill the role of 
macrophytes as dominant primary producers in systems where such plants are scarce or 
absent (Frost 1978) 
Spongilla lacustris commonly occur with and without algal symbionts.  As a 
result, freshwater sponges may function both as abundant heterotrophic consumers and 
dominant primary producers within the same system.  Likewise, as a consequence of the 
symbiosis between sponges and algae, phototrophic sponges offer a combination of 
animal and plant food resources to their predators.   
The porous morphology of sponges provides a protected micro-habitat for a wide 
range of benthic organisms.  A short list of taxa that have been found in or on freshwater 
sponges include bacteria, algae, protists, hydrozoans, nematodes, rotifers, oligocheates, 
bivalves, crustaceans, arachnids, and insects (Frost et al. 2001, Gaino et al. 2004, 
Matteson and Jacobi 1980, and Roback 1968).  One survey of macro-invertebrate taxa 
inhabiting S. lacustris in a Wisconsin river yielded high organismal diversity (37 taxa) 
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and density as high as 78,500 ind/m2 (Matteson and Jacobi 1980).  The associations 
between these organisms and their sponge hosts range from incidental to obligate (Gaino 
et al. 2004, Frost et al. 2001).   
Porifera in general are well protected against predation.  Freshwater sponge 
tissues are laced with many sharp and indigestible structures called spicules that, if 
ingested, can damage the soft internal tissues of most aquatic animals.  Chemical 
defenses, including an abundance of ultra-long chain fatty acids are also believed to deter 
predation (U Sata et al. 2002, Resh 1976a).  Presumably as a result of such defenses, 
most consumers of freshwater sponges are obligate specialists that display highly derived 
morphologies and life histories for utilizing this resource and consequently experience 
little competition for food.  Several species of caddisflies in the genus Ceraclea 
(Trichoptera: Leptoceridae) and all members of the family Sisyridae (Neuroptera) are 
well documented obligate consumers of freshwater sponges.  Although these two groups 
share a common food resource and therefore face similar obstacles, they employ very 
different strategies for spongivory.  The following sections provide overviews of the 
biology of these sponge predators and introduce the methodology used here to elucidate 
details of spongivore diets. 
 
Sponge-eating caddisflies, life history and ecology 
Sponge-eating caddisflies have clearly evolved strategies specific for sponge 
predation.  For example, Ceraclea fulva has an abnormally thick periotrophic membrane 
that shields its soft internal tissues from ingested sponge spicules (Corallini and Gaino 
2001).  Gas-liquid chromatography data from Resh (1976a) showed that while ultra-long 
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chain fatty acids account for 55. 4% of the total fatty acids present in S. lacustris, these 
compounds constitute only 2.6% of fatty acids of Ceraclea transversa.  This implies that 
C. transversa has the ability to avoid or detoxify such compounds.   
Further evidence of the high degree of trophic specialization in sponge-feeding 
caddisflies can be found in behavioral characteristics of Ceraclea caddisflies.  
Microscopic examination of C. transversa, C. resurgens (personal obs; see Fig. 1), and C. 
fulva (Corallini and Gaino 2003) revealed that these animals sequester sponge spicules to 
reinforce the silken matrix of their larval cases.  Combined, all of these observations 
suggest an ongoing evolutionary arms race between freshwater sponges and sponge-
feeding caddisflies similar to that of many plant-herbivore symbioses.  
Of the eleven species of Ceraclea that feed exclusively on sponges (Resh et al. 
1976), at least two (C. transversa and C. resurgens) occur in sympatry in Marquette 
County.  These two species exhibit markedly different life histories. However, both life 
histories are intimately linked to the annual growth cycles of their poriferan hosts.    
One study (Resh 1976b) suggests that Ceraclea transversa has two emergence 
periods, corresponding to two separate cohorts.  The first cohort feed on sponges 
throughout larval development and overwinters as non-feeding prepupae.  Pupation 
occurs early the following spring, and is followed immediately by the emergence of non-
feeding adults, copulation, and egg deposition.  Larvae hatched from eggs deposited 
during this emergence feed on sponge tissue throughout the summer, reaching fifth 
stadium by autumn, and overwinter as prepupae.  A second emergence of C. transversa 
occurs in late summer.  Larvae that hatch from this emergence only reach 3rd or 4th 
stadium by autumn. At which point, freshwater sponges reduce their tissues to gemmules.  
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Gemmules are presumably inedible to caddisflies and consequently this cohort feed on 
detritus during the winter.  Larval growth is minimal during this period presumably 
because of dietary shift, colder temperatures, and the metabolic costs of winter activity 
(Resh 1976b).  As the sponges resume growth the following spring, the 2nd cohort of C. 
transversa return to spongivory as they complete larval development.  Pupation and 
emergence follow late the next summer.   
Ceraclea resurgens exhibits a life history that is more typical of the genus 
Ceraclea (Resh 1976a and Resh 1976b).  A single emergence and oviposition event 
occurs in spring.  The larvae of C. resurgens complete development throughout the 
summer and overwinter as prepupae.  The larvae are apparently dependent on sponges as 
a food source for nearly the entirety of larval development.  Several records indicate that 
C. resurgens emergence occurs prior to that of C. transversa in areas that the two co-exist 
(Resh 1976a). 
Gut content analysis of C. resurgens and C. transversa indicate spongivory during 
instars 2-5 (Resh 1976a).  However, it is unknown how the first instar Ceraclea larvae 
locate a suitable host sponge and whether or not the caddisflies discriminates between 
possible hosts.  Plausible factors that may influence Ceraclea host selection include host 
species and the presence or absence of endosymbiotic zoochlorellae.  
 
Spongillaflies, life history and ecology 
 Sisyridae is comprised of about fifty species in three genera and is distributed 
worldwide.  All sisyrid larvae are obligate sponge predators and are consequently 
referred to as spongillaflies.  They have been collected from lentic and lotic systems 
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(Roback 1968, Stoakes et al. 1983, Weissmair and Waringer 1994), but always in close 
proximity to freshwater sponges.   
Sisyrids undergo three larval instars as aquatic sponge predators.  Larval sisyrids 
possess a pair of syringe-like stylets comprised of modified mandibles and maxillae that 
are use to suck cells from sponges.  This appears to be an adaptation that allows 
spongillaflies to avoid ingesting spicules that would damage their soft internal tissues.  
They have no apparent prey species specificity (Poirrier 1969, Poirrier and Arceneaux 
1972) and it is currently unknown how or if spongillaflies are affected by the chemical 
defenses of freshwater sponges.   
Upon completion of larval development, the third instar spongillaflies swim to the 
water’s edge, crawl from the water, and spin a distinctive two layered cocoon, usually in 
an inconspicuous location such as a crevice within tree bark.  Pupation occurs over 5-6 
days and terminates with adult emergence.  Mating and oviposition occur within the next 
several days.  Eggs are deposited near the water’s edge and emergent larvae then crawl 
into the water to find a sponge.  For detailed descriptions of Sisyridae life histories see 
Anthony (1902), Brown (1952), and Parfin and Gurney (1956). 
 
Stable isotope analysis, principles and application 
Freshwater sponges feed on a wide variety of microscopic resources and are 
notoriously difficult to maintain in captivity.  Thus, directly observing heterotrophic 
processes is problematic.  The symbiosis between sponges and algae compounds the 
difficulty in ascertaining proportion contributions of various nutritional resources.  
Likewise, because often a large portion of sponge biomass is algal cells, it is unclear 
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whether organisms that feed on sponges are in fact predators, omnivores, or highly 
specialized algavores.  Consequently, fundamental knowledge of carbon source and 
trophic position has not yet been clearly defined for freshwater sponges or their predators.   
Stable heavy isotopes of carbon (13C) and nitrogen (15N) occur naturally in trace 
amounts.  The relative abundance of heavy carbon and nitrogen to their lighter 
counterparts is typically extremely small. Consequently isotopic data are conventionally 
expressed as δ values that equate to parts per thousand (‰) differences from a known 
standard such as atmospheric nitrogen gas.  Physical and biological processes 
consistently fractionate the relative abundance of heavy carbon and nitrogen isotopes, 
making isotopic ratios, or signatures, useful to researchers studying natural systems.  
These values are often used by ecologists to determine trophic status, assess energy flow 
within system and connectivity among systems, and to characterize the primary energy 
source of consumers (Peterson and Fry 1987, Post 2002, France 1995, Minagawa and 
Wada 1984, and Vander Zanden et al. 1999).   
 Benthic and littoral primary producers tend to assimilate more 13C than pelagic 
and terrestrial autotrophs.  This is attributable to an increased resistance of CO2 diffusion 
associated with boundary layer effects (Hecky and Hesslein 1995, France 1995).  On a 
global average the δ13C of benthic algal cells is approximately 7 ‰ greater than 
planktonic algae (France 1995).  Heavy carbon experiences little fractionation during 
subsequent trophic transfers and thus it is possible to determine primary energy source 
and delineate energetic pathways via stable carbon isotope analyses.   
 Unlike carbon, nitrogen isotopes are fractionated considerably with each trophic 
transfer.  This results in 15N enrichment at each trophic step.  Fractionation of nitrogen 
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isotopes occurs primarily through the greater loss of the lighter isotope 14N through 
excretion, resulting in an average 15N enrichment of 3-5‰ with each successive trophic 
transfer (Peterson and Fry 1987).  Therefore, an animal’s trophic status can be assessed 
using stable nitrogen isotope analyses.  
In addition to dietary composition, isotope signatures are also affected by spatial 
variation in carbon and nitrogen sources (Cabana and Rasmussen 1996, Anderson and 
Cabana 2007, Post 2002, McNeely et al. 2006, Vander Zanden and Rasmussen 2001).  As 
a result, consumer isotope signatures were compared to baseline indicator species from 
the same system. 
 Carbon and nitrogen stable isotope analyses offer a convenient means to estimate 
the major energy source(s) and relative trophic position of freshwater sponges and 
spongivores.  Carbon isotope analyses will provide insight regarding the source(s) of 
carbon, and therefore energy source of Spongilla lacustris and subsequently the energy 
source of sponge predators.  Comparing carbon data from sponges with and without algal 
symbionts will elucidate effects that the sponge-algae symbiosis has on the bioenergetics 
of S. lacustris.  Nitrogen isotope analyses will be used to estimate the trophic level of S. 
lacustris and its predators.  Comparisons of nitrogen data from green and white sponges 
will further illustrate the effects of the sponge/alga symbiosis on the trophic ecology of S. 
lacustris.  Sponge and sponge predator data will be compared to baseline indicator 
species in order to quantify trophic position and make comparisons across systems.  
Isotope data from other members of the community, for which trophic ecology is well 
known, will also be included to put sponge and sponge predator isotope values into the 
context of the communities in which these organisms exist.  
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Methods 
Study sites  
 Three criteria were used to select a study site: first, that S. lacustris was present as 
an abundant member of the faunal community; second, that individual S. lacustris were 
present both with and without algal symbionts; and third, that Ceraclea and spongillafly 
larvae were present in sufficient abundance as to make collection feasible.  The last 
criterion was not satisfied by any one site examined and therefore two sites were selected.  
The Iron River (46°48’02.00”N, 87°40’13.68”W) which hosts an abundance of S. 
lacustris and Ceraclea resurgens was chosen as the primary study site, from which data 
for many abundant benthic invertebrate taxa were taken.  Morgan Pond (46°31’47.04”N, 
87°29’23.67”W) was sampled for S. lacustris, Sisyridae, and baseline indicator species.  
The Iron River is a low-order, south-shore tributary of Lake Superior that is 
supplied from Lake Independence by way of a small spillway.  Lake Independence is a 
shallow (max depth app. 10 m) and moderately large (752 hectares) mesotrophic 
impoundment.  Land use is limited to residential housing.  The Iron River study site is a 
lotic erosional stretch immediately downstream of the Lake Independence spillway.  
Benthic substrate is composed mainly of granitic boulders and bedrock and the river 
channel is approximately 7-10 m wide with a mostly open canopy.  During peak sponge 
abundance (August-October), S. lacustris forms a luxuriant and nearly continuous green 
carpet atop the benthic substrate.  The underside of boulders and cobbles are often 
encased in yellowish-white, aposymbiotic S. lacustris.  Hydropsychid caddisflies, perlid 
stoneflies, heptageniid mayflies, Hyalella azteca, rusty crayfish (Orconectes rusticus), 
and sponge-eating caddisflies (Ceraclea resurgens) are abundant amongst the sponges.  
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Morgan Pond is a small, shallow, eutrophic beaver pond fed by a first order 
spring-fed creek.  Dominant aquatic macrophytes include Potamogeton, Vallisneria, and 
Nuphar.  The pond edge is primarily colonized by speckled alder (Alnus rugosa), sweet 
gale (Myrica gale) and cattail (Typha sp.) and is largely undeveloped.  Unlike the Iron 
River, the freshwater sponges of Morgan Pond occur as distinctly individual and often 
large colonies composed of many long finger-like branches that either protrude from soft 
sediments or on woody emergent vegetation and debris.  The vast majority of these 
colonies are green with zoochlorellae.  However, white sponges occur under shoreline 
root masses.  Preliminary sampling found that ~75% of the sponges in Morgan Pond host 
the larvae of spongillaflies during late summer.  Other macroscopic sponge inhabitants 
were scant and seemingly incidental.   
 
Collection and sample preparation 
All samples for this study were collected during August of 2007.  Sponges and 
mollusks were located visually and collected by hand.  Macro invertebrates were 
removed from the sponge surface and those desired for analysis were retained.  Sponge-
eating caddisflies were sorted by the presence/absence of symbiotic algae in the sponge 
from which they were collected.  Additional arthropods were collected by kick netting.  
Sponges and arthropods were then sorted, placed in small plastic boxes, and covered in 
natal water for transport to the lab.  Sponges were cleaned of all macroscopic inhabitants 
and debris under 8-50х magnification.  All arthropods and mollusks to be analyzed were 
kept at 5°C, allowed 24 hours for gut clearance, and then dispatched by freezing.  
Mollusks were separated from their shells and opercula.  The gastrointestinal tract was 
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removed from predatory stoneflies and only abdominal muscle tissue was analyzed from 
crayfish.  All samples were cleaned by cavitation in an ultrasonic wave cleaner for 30 sec 
in deionized water and dried at 50°C for 24-48 hours.  Dried samples were then 
pulverized into a fine homogenous powder using a mortar a pestal, placed in 
microcentrifuge tubes, acid fumed with concentrated HCl for 24 hours, and then returned 
to 50°C for 24 hours to drive off remaining acid.  All samples were weighed and loaded 
into 3.5 mm tin capsules.  Tools used to pulverize and transfer sample materials were 
cleaned with methanol between samples.  Isotope analyses were performed by the staff of 
the Alaska Stable Isotope Facility at the University of Alaska Fairbanks. 
 Studies of aquatic communities using stable isotope analyses often seek to answer 
broad questions regarding energy flow and trophic structure within diverse communities.  
As a result, many individuals of a group of interest (i.e. taxon, population, functional 
feeding group, etc.) are pooled into one or a few samples to avoid prohibitive costs 
during sample processing.  This practice yields good estimates of mean isotopic values 
for a group, however the amount of variation within that group remains unknown and 
quantitative analyses of specific effects within groups or among groups are not possible.  
To assess the effects of sponge-algae symbioses on the isotopic signatures of 
sponges and sponge predators thirty two sponges, sixteen with algae and sixteen without, 
were processed and analyzed individually.  Likewise, 16 sponge-eating caddisflies were 
collected, eight from white sponges and eight from green, and analyzed individually.  A 
similar approach was not possible for spongillaflies as they were found inhabiting only 
green S. lacustris and their individual mass was not sufficient for isotope analysis per 
individual.  Sisyrids were consequently pooled for analysis. 
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During collection, furrows left as the result of Ceraclea feeding activity were 
sometimes observed transecting both white and green sponge tissues, indicating that 
individual caddisflies do not display white versus green sponge prey fidelity.  Individuals 
found at the terminus of such furrows were excluded from analysis. 
 Invertebrate identifications follow the keys and descriptions in Thorp and Covich 
(2001), Merritt and Cummins (1996), Peckarsky et al. (1990), Pupedis (1980), Resh 
(1976b), Berry (1943), and Burks (1953).  
 
Baseline indicator species and trophic position estimates  
Nitrogen baseline signatures were estimated using the nitrogen signatures of 
carefully selected baseline indicator species, rather than direct measurement at the 
primary consumer level.  This approach was chosen in order to escape the short-term 
temporal isotopic variation often observed in direct measurements of small, short-lived, 
autotrophs and has been validated by other researchers (Cabana and Rasmussen 1996, 
Vander Zanden and Rasmussen 1999).  Primary consumers that scrape periphyton were 
preferred to avoid the larger degree of omnivory often observed in other primary 
consumers that employ different feeding strategies (Anderson and Cabana 2007).  Snails 
satisfied both of these criteria at each site; Campeloma decisum at Iron River and 
Amnicola limnosa at Morgan Pond.  Following the recommendation of Post (2002), snails 
and unionid mussels (Eliptio complanata at Iron River and Pyganadon sp. at Morgan 
Pond) were used to estimate baseline carbon signatures for benthic and pelagic food 
webs, respectively, at each site.  
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 Trophic positions for all other invertebrates considered were estimated using data 
from baseline indicator species at each site.  Trophic positions for consumers were 
calculated as: 
Trophic Positionconsumer = ([δ15Nconsumer - δ15Nbaseline]/f) + 2 
in which δ15Nconsumer is the nitrogen signature of the organism for which trophic position 
is being estimated, δ15Nbaseline is the nitrogen signature of baseline indicator species from 
the same site, f is the average expected nitrogen fractionation experienced at each trophic 
step, and 2 is the theoretical trophic position of the baseline indicator species.  An 
expected fractionation of +3.4‰ per trophic step was used.  This figure was proposed by 
Minagawa and Wada (1984), supported by Post (2002), and has been used by several 
other researchers in studies of trophic position in aquatic consumers (Anderson and 
Cabana 2007, Vander Zanden and Rasmussen 2001).  
 
Statistical analyses 
 All statistical analyses were performed using SPSS 15.0 for Windows.  When 
appropriate, specific hypotheses regarding trophic position and isotopic ratios were tested 
using two-way ANOVA or two-sample t-test. 
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Results 
 The results of the isotopic analysis are presented in Tables 1 and 2, and illustrated 
in Figure 2.  Isotopic data from baseline indicator species indicate distinct differences in 
source carbon and nitrogen signatures between the two sites sampled.  Morgan Pond was 
relatively depleted in 13C and enriched in 15N.  The difference in δ13C between the pelagic 
baseline indicators and benthic indicators was much greater in the Iron River, as was the 
difference in nitrogen signatures between green and white sponges.  Conversely, the 
difference in δ13C between green and white sponges was much greater in Morgan Pond 
than the Iron River.  
 
Carbon signatures of Spongilla lacustris 
 A two-way ANOVA was used to examine the effects of site (Morgan Pond vs. 
Iron River) and sponge type (green vs. white) on the carbon signatures of S. lacustris 
(Table 3).  Mean carbon signatures were significantly different between sites 
(F=2529.551;df=1; P<0.001) and type (F=3306.236; df=1; P<0.001).  In addition to the 
significant main effects, there was a significant interaction between site and type 
(F=1402.276;df=1; P<0.001).  The difference in mean carbon signature between sponge 
types was considerably greater in Morgan Pond than in Iron River (Fig. 5).   
 
Nitrogen signatures and trophic position of Spongilla lacustris 
A two-way ANOVA was used to examine the effects of site (Morgan Pond vs. 
Iron River) and sponge type (green vs. white) on the nitrogen signatures of S. lacustris 
(Table 4).  Mean nitrogen signatures varied among sites (F=20.556;df=1; P<0.001) and 
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type (F=144.07; df=1; P<0.001).  In addition to the significant main effects, there was a 
significant interaction between site and type (F=63.439;df=1; P<0.001).  The difference 
in mean nitrogen signature between sponge types was considerably greater in Iron River 
than in Morgan Pond (Fig. 6).   
Within the Iron River, trophic position estimates for white sponges were 
considerably higher than those for green sponges (mean TP=2.43, SD=0.12 and mean 
TP=1.74, SD=0.12, respectively).  At Morgan Pond, the difference in estimated trophic 
position between white and green sponges was less substantial (mean TP=1.98, SD=0.07 
and mean TP 1.84, SD=0.07). Figure 3 compares estimated trophic positions of IRGS, 
IRWS, MPGS, and MPWS. 
 
Isotopic data and trophic position estimates of sponge predators 
Two-tailed independent sample t-tests were used to compare isotopic data of 
Ceraclea collected from green sponges to those collected from white sponges.  Carbon 
signatures were found to be significantly different (df=14, t= -3. 49, p= 0. 004).  Nitrogen 
signatures were not significantly different (df=14, t= -1. 825, p= 0. 089).   
Small and unequal sample sizes for isotopic data for remaining invertebrate 
species/groups did not allow the use of statistical analyses.  Isotopic data for these taxa 
are given in Tables 1 and 2, and Figure 3.  Trophic position estimates are illustrated in 
Figure 5.   
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Discussion 
Carbon signatures of Spongilla lacustris  
Pelagic and littoral baseline indicator species from Iron River/Lake Independence 
had distinctly different carbon signatures (Table 1).  Carbon signatures for exclusively 
heterotrophic (white) individuals of S. lacustris from Iron River were similar to the 
pelagic baseline indicator species, indicating that white S. lacustris rely heavily on 
pelagic carbon sources such as phytoplankton.  Considering the great abundance, prolific 
growth of S. lacustris and carbon signatures that imply a primarily pelagic energy source, 
sponges in this system clearly serve as important energetic links between the benthic 
community of Iron River and epilimnetic primary production in Lake Independence.   
Baseline indicator species showed much less disparity between pelagic and littoral 
δ
13C baseline estimates from Morgan Pond (Table 1, Fig. 2), preventing the delineation 
of pelagic and littoral food webs at this site.  From data collected during this study I 
cannot determine if pelagic and benthic food overlap inseparably, if inappropriate 
baseline indicator species and/or sample sizes were chosen, or if the biological and 
physical processes generally responsible for creating disparate benthic and pelagic carbon 
signatures were insufficient within Morgan Pond.  Due to the small size of Morgan Pond, 
allochthonous carbon inputs may be substantial and possibly obscure the source of 
autochthonous carbon.  However, this study made no effort to quantify terrestrial carbon 
inputs. 
Samples from Morgan Pond had generally lower δ13C values than samples from 
Iron River.  Dissolved inorganic carbon in systems that have high inputs of respired 
organic matter consequently have low δ13C values (Peterson and Fry 1987).  As a result, 
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food webs that have a larger respiratory carbon input at their base tend to be 13C depleted 
when compared to those that rely more heavily on other sources of dissolved inorganic 
carbon such as atmospheric CO2 and/or the weathering of carbonate rock.  Therefore, the 
relatively low δ13C values observed in Morgan Pond may be the result of a greater input 
of metabolic CO2 to carbon fixation.  Heavy carbon depletion in Morgan Pond may also 
be the result of high inputs of methane-derived carbon from methanotrophic bacteria.  
Kelly and Jones (2004) explained 13C depletion in Chironomus midges as a result of 
ingesting these microbes.  Both of these explanations are congruent with the higher 
trophic status and abundance of soft sediments in Morgan Pond.  
Assuming that the sponges’ cellular membranes restrict diffusion of CO2 from the 
surrounding waters to symbiotic algae, we may presume that this creates a diffusion 
barrier similar to that produced by a boundary layer and would result in little 13C 
fractionation during fixation within the sponge.  However, green S. lacustris were found 
to have significantly lower (p < 0. 001) δ13C values than white individuals.  Additionally, 
green sponges at both sites were more depleted in 13C than the pelagic baseline indicator 
species (Fig. 3).  Frost and Williamson (1980) demonstrated no change in the rate at 
which S. lacustris ingested either a bacterium (Aerobacter aerogenes) or a green alga 
(Chlamydomonas reinhardti) when rendered white by means of shading. Therefore, it 
seems unlikely that the lower δ13C values observed in green sponges are the result of 
dietary differences between green and white sponges. 
When carbon fixation rates are not sufficient to greatly deplete local 12C 
concentrations, a high degree of discrimination against 13C occurs (Peterson and Fry 
1987).  Sand-Jensen and Pedersen (1994) showed that the high level of light attenuation 
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of S. lacustris tissues greatly reduced primary productivity of zoochlorellae within 
sponge tissues.  However, the rate of diffusion of CO2 from the surrounding water into 
the sponges’ cells is presumably very low and the contribution of primary production to 
sponge growth is great.  Thus it seems unlikely that merely the occurrence of 
photosynthesis within sponge tissues could explain the very low δ13C values observed in 
green sponges.   
Alternatively, these findings may be explained by nutrient recycling within the 
sponge/alga symbiosis. Nutrient cycling between animal and plant symbionts has been 
documented for other taxa such as coral-zooxanthellae and anemone-zooxanthellae 
symbioses (Yonge and Nicholls 1931, Trench 1971, and Steen 1986). The dissolved 
inorganic carbon
 
within a sponge cell is supplemented by the metabolic byproducts of 
sponge respiration.  Carbon obtained by S. lacustris via heterotrophy has already been 
fractionated once during carbon fixation outside of the sponge.  If CO2 respired by the 
sponge, at least some of which containing carbon obtained through heterotrophy, is used 
by zoochlorellae, it would then be fractionated a second time during carbon fixation 
within the sponge.  And so it seems likely that the notably low δ13C values observed in 
green S. lacustris are explained by zoochlorellae fixing carbon that has been respired by 
the sponge. 
 
Nitrogen signatures and trophic position of Spongilla lacustris 
 Green sponges had significantly lower δ15N than white sponges at both sites.  It 
seems more likely that this pattern is the result of photosynthesis within the sponge, 
rather than dietary differences.  It is probable that nitrogenous wastes from green S. 
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lacustris are utilized by zoochlorellae.  Davy et al. (2002) demonstrated that the 
sponge/algae association of Haliclona cymiformis and Ceratodictyon spongiosum, when 
incubated without light (for 24 h), would release significant amounts of ammonium into 
the surrounding medium.  However, when the association was incubated under 
illumination, the ammonium concentration of the medium did not increase significantly, 
indicating that the waste ammonium from the sponge was being utilized by the alga. 
Heavy nitrogen enrichment by consumers is the result of proportionately greater 
assimilation of 15N and results in 15N depleted nitrogenous waste.  Perhaps the observed 
lower δ15N values of green sponges are the result of zoochlorellae assimilating 15N 
depleted nitrogenous waste that would otherwise be expelled from the sponge.  Methods 
such as those employed by Davy et al. (2002), in which sponge and algae were separated 
before analysis, could be used to test this notion.   
  Traditional food chain models assign trophic positions of 1, 2, and 3 to primary 
producers, primary consumers and secondary consumers, respectively.  Mean trophic 
position for white sponges were 2.43 and 1.98 for Iron River and Morgan Pond 
respectively.  These figures suggest that white sponges in Iron River are omnivores and 
those in Morgan Pond are strictly herbivores.  However, this is almost certainly an over 
simplified interpretation, as S. lacustris is known to feed on a wide array of heterotrophic 
and autotrophic microorganisms and organic debris.   
Frost (1981) made the only published attempt to identify the constituents of 
particles filtered by freshwater sponges in situ by diluting macerated sponge tissue and 
examining the resulting suspension microscopically.  He subsequently identified 40 
species of phytoplankton and cyanobacteria consumed by the sponges.  His account 
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makes no mention of other known food sources such as heterotrophic bacteria, fungi, or 
colloidal organic matter.  It is not clear whether these food sources were not present in 
the sponges Frost examined, or if technique used failed to detect such particles.  The 
mean estimated trophic position for S. lacustris in Morgan Pond (1.98) is congruent with 
allusion of Frost (1981) that freshwater sponges are chiefly primary consumers.  
However, the enriched 15N values of white S. lacustris in Iron River and subsequently 
higher trophic position estimate implies an alternative or additional nitrogen source.   
Spongilla lacustris is not known to feed on multi-cellular organism such as 
zooplankton and therefore carnivory seems an unlikely explanation for higher trophic 
position estimate of Iron River white sponges.  Alternatively, the greater 15N enrichment 
observed in Iron River sponges may be the result a greater utilization of colloidal organic 
matter, heterotrophic bacteria, and/or heterotrophic protists.   
Trophic position estimates for green sponges were substantially lower than white 
sponges at both Iron River and Morgan Pond (1.75 and 1.84, respectively).  Sponge tissue 
was not separated from endocellular algae prior to isotopic analyses and thus these 
figures represent a weighted average trophic position estimate of both members of the 
symbiosis and are congruent with traditional trophic level models, placing green sponges 
somewhere between primary consumer (TP=2) and primary producer (TP=1).  However, 
as discussed above, heavy nitrogen enrichment in green sponges is perhaps affected by 
waste nitrogen uptake of zoochlorellae.  Therefore the lower trophic position estimates of 
green sponges, based on δ15N values of both sponge and zoochlorellae are perhaps not the 
result of heterotrophic processes, but rather the reclamation of 15N depleted ammonium 
by zoochlorellae.  
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Isotopic data and trophic position estimates of sponge predators 
 Isotopic signatures for sponge-eating caddisflies from white and green sponges 
were analyzed separately in an attempt to identify the extent to which the presence of 
zoochlorellae affects isotopic signatures of sponge predators.  The two groups of 
Ceraclea differed significantly in δ13C, but not in nitrogen δ15N.  This may be the result 
differences in turnover rates for carbon and nitrogen within the tissues of Ceraclea.  If 
individuals frequently move from white to green hosts and nitrogen turnover rates are 
considerably slower than carbon, short-term variations in carbon source would be 
detectable, while nitrogen signatures would reflect a longer term average of dietary 
inputs.  Alternatively, the observed trend in Ceraclea isotope signatures may be the result 
of differing carbon sources and similar nitrogen sources.  Because zoochlorellae exist 
within the cells of S. lacustris, the two could not be separated for isotopic analyses.  
Therefore, green sponge carbon signatures represent the average value for sponge and 
zoochlorellae.  If the sponge-zoochlorellae symbiosis involve recycling metabolic CO2 
and NH4 from sponge respiration/excretion, then the carbon signature of zoochlorellae 
may be substantially depleted of 13C and 15N compared to the host sponge tissues.  
Perhaps then, Ceraclea feeding on green sponges acquire relatively light carbon from the 
algal component of the symbiosis, and relatively light nitrogen from the animal 
component.  However, Ceraclea feeding on white sponges must acquire both carbon and 
nitrogen from the animal component.   
Mean trophic position estimates for Ceraclea in the Iron River collected from 
green and white sponges were 2.50 and 2.59 respectively, and did not differ significantly.  
These figures fall halfway between theoretical values for primary (TP=2) and secondary 
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consumers (TP=3), implying that Ceraclea are omnivores.  This is congruent with the 
histological observations of Corallini and Gaino (2001) which documents the segregation 
and digestion of zoochlorellae within the mid-gut of Ceraclea fulva.   
Sisyrids were found inhabiting only green sponges and their nearly identical mean 
carbon signatures (-38.90 ‰ and -38.81‰) imply green sponge host fidelity.  These 
observations alone do not conclusively demonstrate sisyrid preference for green sponges 
in Morgan Pond.  Within Morgan Pond, green sponges are much more abundant and 
conspicuous whereas white are restricted to heavily shaded areas under shoreline root 
masses. Green sponges are perhaps more accessible and/or detectable to 1st instar sisyrid 
larvae.   
The difference in mean δ15N between sisyrids and their prey (green sponges) was 
calculated as ∆(δ15Nsisyrid – δ15Ngreen sponge) = 1.49 ‰. This figure is considerably lower 
than what is predicted by the generally accepted heavy nitrogen enrichment of 3-5 ‰ per 
trophic step (Peterson and Fry 1987).  Likewise, the mean trophic position estimate for 
sisyrids (TP=2.28) is closer to the theoretical value for primary consumers (TP=2) than 
secondary consumers (TP=3).  Assuming that the δ15N of zoochlorellae are considerably 
lower than that of sponge tissue, these findings indicate that zoochlorellae contribute 
considerably, if not chiefly to the dietary requirements of sisyrids. 
 
Isotopic data and trophic estimates of other invertebrate taxa 
 Nitrogen signatures for Stenonema tripunctatum (Ephemeroptera: Heptageniidae; 
see Table 1 and Fig. 2) were similar to the baseline nitrogen taxa from Iron River 
implicating S. tripunctatum as a primary consumer. This is consistent with the species 
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account of Merrit and Cummins (1996) which characterizes Stenonema as algal 
scrapers/collectors. The carbon signature of S. tripunctatum falls about halfway between 
the carbon baseline indicator species of Iron River (see Table 2 and Fig. 2), implying that 
S. tripunctatum relies on both benthic and pelagic carbon sources.  The nitrogen signature 
of Hyalella sp. (Amphipoda: Hyalellidae) was also typical of primary consumers. Carbon 
data suggest a primarily pelagic carbon source. This taxon is also known to feed directly 
on allochthonous carbon inputs such as decaying leaves; however this study makes no 
effort to quantify such contributions. 
 The nitrogen signatures of Paragnetina media (Plecoptera: Perlidae) and 
Ceratopsyche sp. (Trichoptera: Hydropsychidae) were approximately 3‰ higher than the 
nitrogen baseline indicator species (see Table 2 and Fig. 2).  This is slightly less than the 
theoretical value expected for secondary consumers by assuming 15N enrichment 3.4 ‰ 
per trophic transfer indicating that perhaps these taxa are somewhat omnivorous.  The 
carbon signature of P. media and Ceratopsyche sp. were similar to those of the pelagic 
carbon baseline indicator species (Eliptio camplanata; see Table 1 and Fig. 2), indicating 
that these species rely on mostly pelagic carbon sources.  
 The rusty crayfish, Orconectes rusticus, had the highest nitrogen signature of all 
organisms sampled.  Crayfish are well known to be generalists and likely feed at multiple 
trophic levels, from consuming plant material to scavenging dead fish; the later would 
certainly result in 15N enrichment.  The carbon signature of O. rusticus was 
approximately halfway between the pelagic and benthic carbon baseline indicator 
species.  Crayfish, being especially opportunistic, likely take advantage of many carbon 
sources with both pelagic and benthic origins. 
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Summary and Conclusions 
 This study provides estimates of trophic position and identifies the primary 
energy sources of the freshwater sponge Spongilla lacustris and its specialist predators by 
means of stable carbon and nitrogen isotope analyses.  It also examines the effects of 
endosymbiotic algae on isotopic signatures and subsequently demonstrates the effects of 
endosymbiosis on the bioenergetics of S. lacustris.  When possible, samples were 
processed per individual in order to obtain estimates of variation in isotopic signatures 
within each population.  Carbon and nitrogen isotope data are presented for both green 
and white Spongilla lacustris, a sponge-eating caddisfly (Trichoptera: Leptoceridae), and 
a spongillafly (Neuroptera: Sisyridae).  Isotope data and trophic position estimates of 
sponges and sponge predators are compared to other invertebrate taxa. 
 Within the Iron River, carbon isotope data suggest that S. lacustris is energetically 
linked to primary production in the pelagic zone of Lake Independence. These findings 
implicate S. lacustris as a conduit for energy flow from pelagic primary production in 
Lake Independence to the benthic community of the Iron River. The carbon signatures of 
baseline indicator species were not sufficiently different enough in Morgan Pond to 
assess the relative contribution of pelagic versus benthic/littoral primary production to 
this population of S. lacustris.  
 Sponges that hosted symbiotic algae had significantly lower carbon (δ13C ‰) and 
nitrogen (δ15N ‰) signatures than those that were aposymbiotic.  I propose that the 
disparity in carbon and nitrogen signatures among sponge types is the result of 
zoochlorellae utilizing the sponges’ carbon and nitrogen wastes, as has been observed in 
numerous other animal-algae symbioses.  
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 Trophic position estimates for heterotrophic S. lacustris in Morgan Pond were 
indicative of primary consumption being congruent with previous publications 
emphasizing the importance of phytoplankton in the diet of freshwater sponges. Trophic 
position estimates for heterotrophic S. lacustris in Iron River were considerably higher, 
indicating additional or alternative food sources.  Trophic position estimates for sponges 
that contained symbiotic algae were significantly lower than white sponges at both sites. 
However, it remains unclear if this is the result of actual differences in heterotrophic 
processes of S. lacustris among sponge types or the result of nutrient recycling between 
S. lacustris and zoochlorellae.  
 The sponge-eating caddisfly, C. resurgens, was observed consuming both green 
and white sponges. Specimens collected from sponges hosting zoochlorellae had 
significantly lower carbon signatures than specimens collected from white sponges. 
However nitrogen values, and consequently trophic position estimates, were not 
significantly different among these groups.  Trophic position estimates for C. resurgens 
were medial to theoretical values for primary and secondary consumers, implying that 
algae are utilized, to some degree, as a food source by C. resurgens.   
 Spongillafly larvae were observed only in sponges hosting zoochlorellae. Carbon 
signatures from spongillaflies were essentially identical to those from green sponges, and 
substantially different from the carbon signatures of white sponges. The difference in 
mean nitrogen signatures between spongillflies and green sponges was considerably 
lower than the generally observed nitrogen enrichment between a consumer and its food 
source.  Additionally, trophic position estimates for spongillaflies were closer to expected 
values for primary consumers than those of secondary consumers. Combined, these 
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observations suggest strongly that zoochlorellae contribute greatly to the diet of sisyrids. 
Symbioses are often implicated as driving forces in speciation.  Our data provide 
strong evidence that sponge tissues housing zoochlorellae are consumed preferentially by 
the specialist sponge predators of Sisyridae and to some degree by sponge eating 
caddisflies.  One must wonder if the highly derived and unusual feeding strategies 
employed by Sisyridae and spongivorous Ceraclea species would have arisen in the 
absence of the sponges/algae symbiosis.  
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Table 1. Mean values for Stable carbon isotope signatures (δ13C ‰) of Iron River and 
Morgan Pond invertebrates.  
Sample 
No. of 
samples No. of inds. Mean δ13C (‰) Min δ13C Max δ13C SD 
       
Iron River       
Spongilla lacustris       
Green 8 8 -33.47 -33.65 -33.30 0.10 
White 8 8 -32.26 -32.54 -32.04 0.17 
Ceraclea resurgens       
From green sponge 8 8 -32.58 -33.41 -31.93 0.45 
From white sponge 8 8 -31.89 -32.48 -31.50 0.34 
Other Invertebrates       
Stenonema tripunctatum 1* 25 -28.29 -28.66 -27.93 0.51 
Paragnetina media 1* 12 -30.33 -30.36 -30.30 0.04 
Ceratopsyche sp. 1* 20 -32.91 -32.97 -32.85 0.08 
Hyalella azteca 1* >50 -23.55 -23.63 -23.47 0.11 
Orconectes rusticus 1* 12 -26.75 -27.18 -26.32 0.61 
Baseline Indicators       
Campeloma decisum 1* 30 -22.43 -22.61 -22.25 0.25 
Eliptio complanata 4 12 -32.62 -32.80 -32.30 0.22 
       
Morgan Pond       
Spongilla lacustris       
Green 8 8 -38.90 -39.18 -38.66 0.19 
White 8 8 -33.05 -33.27 -32.74 0.20 
Sisyridae 4 12 -38.81 -38.89 -38.64 0.11 
Baseline Indicators       
Amnicola limnosa 1* 20 -34.49 -34.71 -34.28 0.30 
Pyganodon sp. 1* 5 -35.45 -35.54 -35.37 0.12 
*Samples containing many individuals that were homogenized and run in duplicate.  
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Table 2. Mean values for stable nitrogen isotope signatures (δ15N ‰) of Iron River and 
Morgan Pond invertebrates. 
Sample 
No. of 
samples No. of inds. Mean δ15N Min δ15N Max δ15N SD 
       
Iron River       
Spongilla lacustris       
Green 8 8 2.25 1.96 3.15 0.41 
White 8 8 4.56 4.00 5.35 0.42 
Ceraclea resurgens       
From green sponge 8 8 4.79 4.12 5.13 0.33 
From white sponge 8 8 5.10 4.55 5.74 0.35 
Other Invertebrates       
Stenonema tripunctatum 1* 25 3.61 3.50 3.72 0.15 
Paragnetina media 1* 12 5.70 5.42 5.98 0.40 
Ceratopsyche sp. 1* 20 5.93 5.82 6.03 0.15 
Hyalella azteca 1* >50 2.77 2.71 2.82 0.07 
Orconectes rusticus 1* 12 7.07 7.01 7.14 0.10 
Eliptio complanata 4 12 3.30 2.99 3.57 0.24 
Basline Indicator       
Campeloma decisum 1* 30 3.09 3.00 3.19 0.13 
       
Morgan Pond       
Spongilla lacustris       
Green 8 8 3.69 3.22 4.03 0.25 
White 8 8 4.16 3.84 4.62 0.24 
Sisyridae 4 12 5.18 4.79 5.83 0.48 
Pyganodon sp. 1* 5 4.86 4.85 4.86 0.01 
Baseline Indicator       
Amnicola limnosa 1* 20 4.23 4.16 4.30 0.10 
* Samples containing many individuals that were homogenized and run in duplicate.  
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Table 3.  Results of two-way ANOVA comparing mean carbon signatures of Spongilla 
lacustris using site (Morgan Pond vs. Iron River) and type (green vs. white) as fixed 
factors.  
________________________________________________________________________ 
 
 Tests of Between-Subjects Effects 
 
Dependent Variable: Carbon signature  
Source 
Type III Sum of 
Squares df 
Mean 
Square F Sig. 
Noncent. 
Parameter 
Observed 
Power(a) 
Corrected Model 219.630(b) 3 73.210 2412.688 .000 7238.063 1.000 
Intercept 37928.088 1 37928.088 1249947.294 .000 1249947.294 1.000 
Site 76.756 1 76.756 2529.551 .000 2529.551 1.000 
Type 100.324 1 100.324 3306.236 .000 3306.236 1.000 
Site * Type 42.550 1 42.550 1402.276 .000 1402.276 1.000 
Error 
.850 28 .030         
Total 38148.568 32           
Corrected Total 220.480 31           
a  Computed using alpha = .05 
b  R Squared = .996 (Adjusted R Squared = .996) 
 
________________________________________________________________ 
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Table 4.  results of two-way ANOVA comparing mean nitrogen signatures of Spongilla 
lacustris using site (Morgan Pond vs. Iron River) and type (green vs. white) as fixed 
factors. 
________________________________________________________________________ 
 
 Tests of Between-Subjects Effects 
 
Dependent Variable: Nitrogen signature 
Source 
Type III Sum 
of Squares df Mean Square F Sig. 
Noncent. 
Parameter 
Observed 
Power(a) 
Corrected Model 25.110(b) 3 8.370 76.024 .000 228.071 1.000 
Intercept 428.001 1 428.001 3887.460 .000 3887.460 1.000 
Site 2.263 1 2.263 20.556 .000 20.556 .992 
Type 15.863 1 15.863 144.077 .000 144.077 1.000 
Site * Type 6.984 1 6.984 63.439 .000 63.439 1.000 
Error 3.083 28 .110         
Total 456.194 32           
Corrected Total 28.193 31           
a  Computed using alpha = .05 
b  R Squared = .891 (Adjusted R Squared = .879) 
 
________________________________________________________________ 
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Figure 1. Image from a light microscope (40X mag) of spicules imbedded in silken 
matrix of a Ceraclea resurgens case from Iron River. 
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Figure 2. Bi-plot of carbon (x-axis) and nitrogen (y-axis) isotope data (δ ‰) collected 
from Iron River (closed boxes) and Morgan Pond (open boxes). Boxes represent mean 
values and whiskers indicate observed range. (G) and (W) indicate Ceralcea resurgens 
taken from green and white sponges respectively. 
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Figure 3. Box plots of trophic position estimates for Iron River green sponges (IRGS), 
Iron River white sponges (IRWS), Morgan Pond green sponges (MPGS), and Morgan 
Pond white sponge (MPWS). Boxes display the inter-quartile range. Median values are 
marked by horizontal lines within the boxes. Open circles represent outliers. Dotted 
reference line shows theoretical value for primary consumers (TP=2). 
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Figure 4.  Box plots of trophic position estimates for Ceraclea resurgens collected from 
green (CG) and white (CW) sponges in the Iron River, Sisyridae (Sis) collected from 
Morgan Pond, and primary consumers (PC) and secondary consumers (SC) collected 
from Iron River. Boxes represent interquartile range; median is marked by horizontal bar 
within the boxes, and whiskers show observed range. Open circles indicate outliers. 
Dotted reference lines show theoretical values for primary consumers (TP=2) and 
secondary consumers (TP=3). 
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Figure 5.  Profile plot of estimated marginal means of Spongilla lacustris carbon 
signatures for both types (green and white) and both sites (Iron river and Morgan Pond) 
examined. 
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Figure 6.  Profile plot of estimated marginal means of Spongilla lacustris nitrogen 
signatures for both types (green and white) and both sites (Iron river and Morgan Pond) 
examined. 
 
 
 
